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EXPANDABLE SLOTTED TUBING STRING AND METHOD FOR CONNECTING SUCH A TUBING STRING

This invention relates ts & connector, and in

particular to a connector forming part of an expandable

tubing assembly. The invention also relates td a method of
connecting lengths of expandable tubing.
WO23\25800 describes expandable tubing defining

overlapping longitudinal slots. On expansion of the
tubing, by pushing or pulling a mandrel through the tubing,
the slors expand to form diamond-shaped apertures. The
expansion is accommodated by deformation of the fingers of
metal between the slots, this deformation taking place
predominantly at the slot ends, and also by circumferential
extension of the parts of the tubing wall beyond the slot
ends. In expandable tubing developed by the applicants
radial expanéion is achieved with the parts of the tubing
wall between and beyond the slot ends experiencing little
if any deformation, these parts being krown as the tubing
"nodes* .

Arrangements for connecting lengths of slotted tubing
are disclosed in WO96\37687 and WO97\21901, the disclosures
of which are incorporated herein by reference. Both of
these documents describe arrangements in which the end of
one length of tubing defines a male coupling portion which
is received within a female coupling portion on the other
length of tubing and attached thereto.

In‘ another coupling arrangement, the ends of the

tubing lengths are received within an external coupling
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sleeve. However, it has been found that, following
expansion, the sleeve contracts radially by a significant
extent; this creates a restriction in the bore defined by
the tubing.

According to the.present invention there is provided
a methed of connecting lengths of expandable tubing
defining overlapping longitudinal slots, the method
comprising:

providing a tubular connector defining overlapping
longitudinal slots and comprising end porrions;

providing lengths of expandable tubing defining
overlapping longitudinal slots and having end portions
defining nodes between and beyond the ends of the slots;
and -

connecting the connector end portions to nodes of
respective end portions of the tubing lengths.

According to another aspect of the present invention
there is provided an expandable tubing assambly comprising:

a tubular cennector defining overlapping longitudinal
slots and comprising end pertions;

lengths of expandable tubing defining overlapping
longitudinal slots and having end portions defining no&es
between and beyond the ends of the slots; and

the connector end portions being coupled to the nodes
of the respective end portions of the tubing lengths.

The formation of the connections between the connectoxr
end porﬂions and the nodes of the tubing end portions

provides for a relatively secure connection. Preferably,
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the connector end portions ard the nodes of the tubing eng
portions are threaded, and the absence of significant
deformation at the nodeg facilitates maintenance of a
secure connecrion on expansion of the tubing lengths and
Ehe connector. -

Preferably also, the connector further comprises an
intermediate portion selected to be of corresponding
configuration to the tubing lengths, such that the
expansion characteristics of the connected tubing assembly
will be substantially constant over the connection.

Preferably alsc, each connector end portion definesg a
slot to receive a corresponding tongue provided on the
respective tubing length end portion.

According to a further aspect of the present invention
there is provided an expandable tubing assembly comprising:

a tubular connector defining overlapping longitudimal
slots, the connector comprising end portions and an
intermediate portion: and

lengths of expandable tubing defining overlapping
longitudinal slots and having end portions coupled to the
connector end portions,

at least the connector intermediate portion being of
corresponding configuration to the tubing lengths, such
that the expansion characteristics of the intermediate
portion and the tubing lengths correspond.

This aspect. of the invention provides a4 connector
which exéands in a compatible manner tc the adjacent tubing

and thus facilitates reliable expansion of an expandable
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tubing string.

According to still further aspect of the present
invention there is provided an arrangement for coupling
lengths of expandable tubing, the arrangement comprising a
sleeve defining overlapping longitudinal slots, first and
second tubing lengths defining overlapping longitudinal
slots, in use the sleeve and tubing lengths being radially
expandable by deformation of fingers of material where
adjacent circumferencially spaced slots overlap, and
connecting means for connecting the sleeve to the ends of
the tubing lengths, the deformable fingers of the sleeve
being axially spaced from the endmost deformable fingers of
the respective tubing lengths.

In use, on expansion of the tubing lengchs and the
sleeve, the deformation of the sleeve fingers will take
place following the deformation of the endmost fingers‘of
the first tubing length and prior to the deformation of the
endmost fingers of the second tubing length. It has been
found ctharc, following expansion, there is little or no
diametrical shrinkage of the sleeve, and the force
necessary .t:o expand the couplhed tubing ends  is
approximately half tl"lat required to expand tubing ends
coupled with a sleeve iﬁ which there is substancial over:'lap
between the sleeve and the tubing ends.

The invention also relates to a method for coupling
the ends of first and second lengths of expandable tubing
de;‘ining’ overlapping longitudinal slots and deformable

fingers of material where adjacent cvircumferent.ially spaced
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slots overlap, the method Comprising che steps of:
providing a sleeve defining overlapping longicudinal
slots and deformable fingers of material where adjacent
c;rcumferentially spaced slots overlap;

coupling the sleeve to the ends of firsc apg second
lengths of expandable tubing such that the fingers of the
sleeve are lcngitudinally spaced from the endmost fingers
of the tubing lengths; and

forcing an expansion member through the connected
tubing lengths to expand the sleeve and tubing lengths.

As used herein, the term slots is intended to
encompass slots which extend -through the walls of rthe
sleeve and tubing, slots which extend only part way through
the walls and any other appropriate weakening of the walls
such as lines of bores ©r scallops.

Preferably, the connecting means are Provided at
circumferentially Spaced locations at the end of the tubing
lengths beyond the endmost tubing fingers, and at the ends
of the sleeve beyond the respective endmost tubing fingers.
The connecting means may comprise pins, rivets, screws and
the like for location in appropriate aligned bores provided
in the sleeve and tubing lengchs. Single fasteners may be
provided beyond each tubing finger, or multiple fasteners
may be provided.

Preferably also, the unexpanded sleeve is of larger
diameter than che tubing lengths. Most preferably, the
sleeve and the tubing length are each of substantially

constant diameter along their length.
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According to a scill further aspect of the present
invention there is pProvided an arrangement Eor coupling
lengths of expandable tubing, the arrangement comprising a
longitudinally slotted sleeve, first and secong tubing
lengths cefining overlapping longitudinal slots, in use the
tubing lengths being radially expandable by deformation of
Eingers of material whera adjacent circumferentially spaced
slots overlap, and connecting means for connecting the
fleeve to the ends of the tubing lengths.

The sleeve may be in the form of longitudinally
extending strips of metal. Most preferably, the Strips are
rectilinear. oOn expansion, the strips of the sieeve nove
radially outwardly and separate circumferentially.
Initially, that is prior to expansion, the strips may be
circumferentially éonnected, by frangible 1links such as
wire, webs of material or one or more welds, to facilitate
sleeve handling.

The invention further relates to a mathod for coupling
the ends of first and second lengths of expandable tubing
defining overlapping longitudinal slots and deformable
fingers of material where adjacent circumferentially spaced
slots overlap, the method comprising the steps of:

providing a slesve comprising longitudinally extending
strips of material;

coupling the sleeve to the ends of first and second
lengths of expandable tubing; and

foréing an expansion member chrough‘ the ceonnected

tubing lengths to expand the sléeve and tubing lengths.
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Preferably, cthe connecting means are Provided ar
ci:cumferen:ially spaced locationé at cheAend of the tubing
lengths beyond the endmost tubing fingers, and at the ends
of the sleeve. The connecting means may comprise pinsg,
rivets, screws and the like for location in appropriate
aligned bores provided in the sleeve and tubing "lengths.
Single fasteners may be provided beyond each tubing finger,
or multiple fasteners may be provided.

Preferably also, the unexpanded sleeve is -of larger
diameter than the tubing lengths. Most Preferably, the
sleeve and the tubing length are each of substantially
constant diameter along their length.

These and other aspects of the present invention will
now be described, by way of example, with reference to the
accompanying drawings, in which:

Figure 1 is a sectiocnal view of a length of expandable
tubing, shown in an expanded configuration;

Figure 2 is a sectional view of an oxpandable tubing
assembly in accordance with a first embodiment of the
pPresent invention;

Figure 3 ig a schemac;c plan view of apn arrangement
for coupling lengths of egpandable':ubing in accordance
with a second embodiment of éhe bresent invention;

Figure 4 is a sectional view of Figure 3; and

Figure 5 is a schematic plan view of an arrangement
for coupling lengths of expandable tubing in accordance
with a tﬁird embodiment of the bresent invention;

Reference is first made to Figure 1 of the drawings,
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which illustrates a length’ of expandable tubing 10. 14 its
initial configuration, the tubing 10 is simply a length of
pipe in which a series of longitudinal slots 13 have been
machined. Applying a radially outward force te the tubing
wall, by passing a mandrel through the tubing, causes the
tubing to expand such that the slets 12 become diamond-
shaped openings.

The tubing 10 is supplied in lengths suitable for
Eransportation and handling and these are joined to one
ancther on surface to create ‘a tubular string. The
assembly 14 illustrated in Figure 2 of the drawings allows
lengths of expandable tubing 10 to be connected to form a
string, as will now be described.

The assembly 14 comprises a tubular connectoer 16
defining overlapping longitudinal slots 18, the connector
16 comprisiné end portions 20, 21 and an intermediate
portion 22. The slots 18 extend over the whole lengtﬂ of
the connector 16, but the only slot overiap occurs in the
intermediate portion 22.

The connector 16 is utilised to join the ends of two
lengths of expandable tubing 24, 25, the ends of which are
adapted to engage with the conneccor end portions 20, 21 as
described below,

The connector intermediate portion 22 is of
substantially the same wall thickness as the tubing 24, 25,
however the connector erd portions 20, 21 are upset, that
is chey iﬁclude portions of greater wall thickness than the

tubing 24, 25 and are of a greater diameter than the tubing




WO 98/42947 - ' PCTF/GB98/00363

9
24, 25. The inner walls of each connector end portion 20,
21 define threads 26, 27 for engaging corresponding threads
28, 29 on the outer surface of the tubing 24, 25. Inwardly
of the threads 26, 27 the end portiong 20, 21 defipe
S grooves 30, 31 to receive corresponding tongues 32, 33
provided on the ends of the tubing lengths 24, 25,

As noted above, the connector slots 18 only overlap in
the intermediate portion 22, such that on expansion of the
connector 16 and the tubing lengths 24, 25 the connecror 16

10 is only subject to significant deformation in cthe
intermediate portion 22, at and adjacent the slot overlap
34. The amount of deformation is substantially lower in
the rest of the connector 16, particularly in the "nodes*"
36 between the ends of the longitudinally aligned slots 18.

15 The tubing lengths 24, 25 feature nodes 3s between ad
beyond the ends of the tubing slots 12 and the tubing
threads 28, 29 are formed on the end most tubing nodes.

In use, the tubing lengths 24, 25 are connected by
first making up the connector 16 to one tubing length 24,

20 and then making up the second tubing length 25 to the other
end of the connector 16. A numbexr of tubing lengths are
connected in this way to form a tubing string, which is run
into a wellbore. Once inla desired position, an expansion
mandrel is run through the tubing string, and radially

25 extends the connector 156 and the tubing lengths 24, 25. fn
doing so, the connector slots 18 and' tubing slofs 12 are
expandeé to define diamond shaped openings, as are

illustrated in Figure 1. As described above the connector
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is only subject to substantial deformation at the sloc
overlaps 34, such that the metal of the slot end porticns
20, 21 is subject to minimal deformation. As the
defcrmation of the metal of the connecror occurs primarily
in the intermediate portion 22, which is of corresponding
diameter and thickness to the tubing 24, 25, the éxpansion
properties of the connector 1¢ are similar to the tubing
24, 25, such that the connector 16 and tubing lengths 24,
25 will expand in corresponding and predictable manner,
minimising the occurrence of irregularities in the internal
diameter of the expanded tubing string.

From the above description it will be apparent to
those of skill in the art that the assembly 14 provides a
convenient means for connecting expandable tubing lengths.
It is recognised that, for some applications, users nay
prefer to include coupling means between the connector end
portions and the tubing lengthé in addition to the thread
connection, and in such cases screws, rivets, pins or the
like may be provided to extend between the end portions 20,
21 and the tubing lengths 26, 27.

Reference is now made to Figures 3 and 4 of the
drawings which will illustrate an arrangement S0 for
connecting first and second lengths 52, 54 of expandable
tubing utilising an expandable sleeve 56 secured to the
ends of the tubing lengths 52, 54 by screws 53. The tubing
walls 60, 61 and the sleeve wall 62 define overlapping
1ongitudinal slots 64, 65, 66. Exﬁansion of the tubing

lengths S2, sS4 and the sleeve 56 is accommodated by
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deformation of fingers of material 68, 89, 70 where the
slots 64, 65, 68 overlap, and follcwing deformation the
slots 64, €5, 66 define diamond-shaped apertures. During
expansion there is little or no deformation of the nodes
72, 73, 74 between the longitudinally spaced slots &4, €5,
66, and the scraws 58 .pass cthrough bores in the endmost
nodes 72, 73, 74 of cthe tubing lengths 52, 54 and the
sleeve S6, at the ends of the tubing lengths\SZ, 54 and
sleeve 56. Thus, the endmost deformable fingers of the
tubing lengths 68, 69 are axially spaced from the endmost
tingers of the sleeve 70.

In use, the tubing lengths $2, 54 and sleeves 56 are
shipped in disassembled form. The tubing lengths 52, 54
are made up on surface as the tubing is fed into the bore
in which the tubing is to be utilised. 1In particular, the
ends of the tubing lengths 52, 54 are located in the
respective ends of the sleeve 5§. The screws 58 are then
located and tightened in the screw bores. A number of
tubing lengths are made up to provide the desired length of
tubing and the assembled tubing run into the bore. On
reaching the desired 1location downhole, the tubing is
anchored in place, and an expansion cone then pushed or
pulled through the tubing. The cone expands the tubing
length 52, 54 radially outwards such that, as menticned
above, the slots 64, 65, 66 become diamond-shaped, with the
expansion being accommodated by deformation of the fingers
€8, 69, 70. The'sleeve 56 deforms in a similar manner to

the tubing. lengths $2, S4.  On moving through the
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arrangement 50, the expansion cone deforms, in turn, che
endmost fingers 68 of the firse tubing length 52, the
fingers 70a at the firsc end of the sleeve S6, the fingers
70b at the second end of the sleeve s6, and finally the
endmost fingers 69 of the second tubing length s4.

In testing it has beep found that the forces requireq
to expand the connecting arrangement 5o are the same or
only slightly higher than the forces required to expand the
tubing lengths 52, S4. Also, the expanded sléeve 56 tends
to retain its expanded form, and suffers little or ne
diametrical shrinkage after the expansion cone has passed
through the sleeve S¢. Thus, the present invention avoids
the difficulties experienced with previously pProposed
sleeve cennectors. Further, the connection arrangement 50
is less expensive to produce than the male\female
connectors as described in WO96\37687 and w097\21901.

Reference is now made. to Figure 5 of the drayings,
which illustrates ap alternative arrangement 110 for
connecting first and second lengths 112, 114 of expandable
tubing utilising an expandable sleeve 114 secured to the
ends of the tubing lengths 112, 114 by screws 118, The
tubing walls define overlapping longitudinal slots 124,
125. However, unlike the. first described embodiment, the
sleeve wall is formed of individual longitudinally
extending scrips 126. Expansion of the tubing lengths 112,
114 and the sleeve 116 ig accommodated by defermation of
fingers of material 128, 129 where the slots 124, 125

overlap, and circumferential separation of the sleeve
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strips 126. Following deformation the slots 124, 135
define diamond-shaped apertures. During expansion there is
little or no deformation of the nodes 132, 133 between the
longitudinally spaced sliots 124, 125, and the screws 118
pass through bores in the endmost nodes 132, 133 of the
Cubing lengths 112, 114 and the ends of the sleeve strips
126.

It will further be apparent to those of skill in the
art chat the above-described embodiment is merely exemplary
of the present invention, and that various modifications
and improvements may be made thereto, without departing

from the scope of the present invention.
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CLATIMS
1. An expandable tubing assembly comprising:

a tubular connector defining overlapping longitudinal
slots and comprising slotted end portions; and

lengths of expandable ctubing defining overlapping
longitudinal slots and having slotted end portions defining
nodes beyond the ends of the slots, the connector end
portions being coupled ts the nodes of respective end

portions of the tubing lengths.

2. The assembly of claim 1, wherein the connector end
portions and the nodes of the tubing end portions are

threaded.

3. The assembly of claim 1 or 2, wherxein the tubular
connector further comprises an intermediate portion between

the end portions.

4. The assembly of claim 3, wherein the slots extend over
the whole length of the connector, slot overlap occurring

only in the intermediate portion.

5. The assembly of claim 3 or 4 wherein the intermediate
portion is of corresponding configuration of the tubing
lengths, such that the expansion characteristics of the

connected tubing assembly are substan:ially_constant over
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the connection.

6. The assembly of claim 5, wherein the connector
intermediate portion is of substantially the same wall
thickness of the tubing and wherein the connector end

5 portions are upsec.

7. The assembly of claim 6 wherein each connector end
portion defines an internal thread for engaging a
corresponding thread on an outer surface of the respective

tubing end portion.

10 8. The assembly of any of the Preceding claims wherein
the connector end bortions define grooves Lo receive

éorresponding tongues provided on the tubing length end

portions.

9. A method of connecting lengths of expandable tubing
15 defining overlapping . longitudinal slots, the method

comprising:

providing a tubular connector defining overlapping
longitudinal slots and comprising end portions;
providing lengths of expandable tubing defining
20 overlapping longitudinal slots and having end portiohs
defining nodes beyond the ends of the slots; and
conneccing the connector end portions to the nodes of

respecti}e end portions of the tubiné lengths.
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’ 10. An expandable tubing assembly comprising:

a tubular connector defining overlapping longitudinal

slots, the connector comprising end portions and an
intermediate portion; and
5 lengths of expandable tubing defining overlapping

longitudinal siots and having end portions coupled to the
connector end portions, at least the connector 1ntermed1ate
portion being of corresponding configuration to the tubing
lengths, such that the expansion characteristics of the

10 intermediate portion and the tubing lengths correspond.

}

11. An arrangement for coupling lengths of expandable
tubing, the arrangement comprising a sleeve defining
overlapping longitudinal slots, first and second tubing
lengths defining’overlapping longitudinal slots, in use the
HH 15 sleeve and tubing lengths being radially expandable by
g deformation of fingers of material where adjacent
'circumferentially spaced slots overlap, and connecting
means for connecting the sleeve to the ends of the tubing
lengths, the deformable fingers of the sleeve being axially
20 spaced from the end most - deformable fingers of the

respective tubing lengths.

12. The arrangement of claim 11, wherein the connecting
means are provided at circumferentially spaced locations at
the end of the tubirng lengchs beyond the end most tubing
25 fingers,' and at the ends of the sjieeves "beyond the

respective end most tubing fingers.
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L
13. The arrangement of claim 11 or 12, wherein the
unexpanded sleeve is of larger diameter than the tubing

lengchs.

14. The arrangement of claim 13, wherein the sleeve and
the tubing lengths. are each of substantially consrant

diameter along their length.

15. A method for counling the ends of first and second
lengths of expandable tubing defining overlapping
longitudinal slots and deformable fingers of macerial where
adjacent circumferentially spaced slots overlap, the method
comprising the steps of:

providing a sleeve defining overlapping longitudinal
slots and deformable fingers of material where adjacent
circumferential}y spaced slots overlap;

coupling the sleeve to the ends of first and second
lengths of expandable tubing such that the fingers of the
sleeve are loygitudinally spaced from the end most fingers
of the tubing lengths; and .

forcing an expansion member through ché connected’

tubihg lengths to expand the sleeve and the tubing lengths.

16. An arrangement for coupling lengcths of expandable
tubing, the arrangement cohprising a longitudinally s}octed
sleeve, first and second tubing lengths defining
overlapéing léngitudinal slots, in use the tubing lengths

being radially expandable by deformation of fingers of
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material where adjacent circumferencially spaced siots
overlap, and connecting means for connecting the sleeve o

the ends of the tubing lengths.

17. The arrangement of claim 16, wherein the sleeve isg

formed of longitudinally extending strips of metal.

18. The arrangement of clajim 17, wherein the strips are

rectilinear.

12. The arrangement of claim 17 or 18, wherein the strips
are initially ¢ircumferentially connected by frangible

links.

20. A method for coupling the ends of first and second
lengths . of expandable tubing defining- overlapping
longitudinal siors and deformable fingers of material where
adjacent circumferentially spaced slots overlap, the method
comprising the steps of:

providing a sleeve comprising longitudinally extending
strips of material;

coupling the sleeve to the ends of first and second
lengths of expandable tubing; and

forcing an expansion member through the connected

tubing lengths -o expand the sleeve and tubing lengths.
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